Background and Introduction {#S1}
===========================

Mechanical forces resulting from cell-cell and cell-matrix interactions are known to influence cell signalling^[@R1]^, function^[@R2]^, homeostasis^[@R3]^, and fate^[@R4]^ in individual cells and cell populations^[@R5]^ via the process of mechanotransduction whereby mechanical stimuli are converted to biochemical activity. At the cellular level, these processes are mediated by specialized force-sensitive molecules such as stretch-activated ion-channels, receptor tyrosine kinases, junction proteins and integrins^[@R6]^. The results of numerous studies support the important role of mechanotransduction in many vital processes including tissue morphogenesis, stem cell differentiation, vascular regulation, and tumour metastasis^[@R7]^. Moreover, there is mounting evidence that disruptive mechanical cues and/or dysregulation of mechanotransduction pathways play important roles in the initiation and/or progression of numerous diseases including atrial fibrillation, hypertension, osteoporosis, digestive diseases, and cancer^[@R7]--[@R10]^. This evidence has raised awareness for the need to develop drug discovery assays that incorporate the sensitivity of candidate drug targets to mechanosignalling^[@R11],[@R12]^. This heightened awareness is spurring vigorous efforts to discover molecules that modulate cellular mechanotransduction activity^[@R13]--[@R15]^. We postulate the existence of classes of 'mechano-active' drugs that can target these pathways; drugs that remain undiscovered because there is no practical method to implement high-throughput screening (HTS).

Currently, there are several established, high-throughput methods to precisely measure changes in cellular activity including imaging cytometry and gene arrays^[@R14]^. However, precise mechanical stimulation of cells is non-trivial and requires specialized techniques such as atomic force microscopy, optical/magnetic tweezers, dynamically-stretched substrates or laminar flow chambers^[@R1],[@R16]--[@R21]^. These methods are not standardized and they are incompatible with existing high-throughput drug discovery platforms.

Approach {#S2}
========

Here we report the development and demonstration of an optical platform ([Fig. 1](#F1){ref-type="fig"}) that combines: (a) pulsed laser irradiation for the generation of single *microcavitation bubbles* (μCBs) to provide precise mechanical stimulation of many adherent cells with (b) dynamic fluorescence imaging for real-time high-throughout measurement of cellular signalling. A μCB is produced through the precise delivery of a single focused laser pulse (pulsed laser microbeam) 10μm above an adherent cell culture. The displacement of aqueous media due to the dynamic expansion and collapse of the μCB exposes the cells to a *microTsunami*: a transient burst of hydrodynamic shear stress with highly controllable location, amplitude, duration, and spatial extent^[@R22],[@R23]^ ([Fig. 2](#F2){ref-type="fig"}). The microTsunami (μTsunami) shear stress exposures are typically microseconds long and can be tuned in duration and amplitude to provide sub- and supra-physiological shear stress impulses in regions as large as 1 mm in diameter ([Fig. 2](#F2){ref-type="fig"}). In previous studies, we established that, in adherent cell cultures, the laser-generated μTsunami produces hydrodynamic shear stresses that can cause cell lysis, necrosis, and molecular delivery in well-defined spatial regions proximal to the μCB^[@R22],[@R23]^. Here we demonstrate that such μTsunamis also have the capacity to initiate mechanotransduction signalling in adherent cells located in regions extending far beyond both the zone of cellular injury and maximum μCB size. The application of tailored hydrodynamic stresses in this fashion, combined with the use of imaging cytometry, provides an immediate readout of the responsiveness of an entire cell population to external mechanical stimuli.

To examine the cellular response to these laser-generated μTsunamis, we employed a classical model system of vascular mechanotransduction^[@R24]^ in which the release of Ca^2+^ ions from the endoplasmic reticulum (ER) of primary Human Umbilical Vein Endothelial Cells (HUVECs) is monitored fluorescently. Intracellular calcium regulates processes downstream of mechanotransduction in HUVECs including the production of nitric oxide (NO)^[@R25],[@R26]^. Given the prominent role that mechanotransduction plays in the cardiovascular system, primary HUVEC culture provides an ideal context in which to test our μTsunami platform. Below we demonstrate our ability to stimulate a mechanotransduction pathway using μTsunamis and to alter that pathway\'s sensitivity to hydrodynamic stresses using a known chemical inhibitor. For these studies, we cultured HUVECs on glass bottom Petri dishes and labelled them with Fluo-3/AM, a fluorescent reporter whose emission increases upon binding to cytoplasmic Ca^2+^. Culture media was replaced with Ca^2+^-free media for the μTsunami experiments. This media was supplemented with 3mM EGTA, to ensure chelation of extracellular Ca^2+^ ions^[@R27],[@R28]^. Thus, any observed Ca^2+^ signalling originates from intracellular stores and not from Ca^2+^ transport across plasma membrane ion channels.

The μCBs are produced in aqueous cell culture via optical breakdown. Optical breakdown is the formation of a laser-induced plasma that is typically initiated through a combination of multi-photon and cascade ionization processes^[@R29]--[@R31]^. The absorption of the laser microbeam radiation by the plasma leads to vaporization of the aqueous medium within the laser microbeam focal volume resulting in μCB formation. Thus while the optical breakdown event is typically confined to the focal region with characteristic sub-micrometre dimensions (depending on optical parameters), the resulting μCB diameter can range from less than a micrometre to a few millimetres. Optical breakdown initiated cavitation has been extensively studied and employed for biomedical applications ranging from laser lithotripsy and intraocular microsurgery to targeted lysis and molecular delivery to adherent cells^[@R22],[@R23],[@R30],[@R32],[@R33]^.

We implemented the Gilmore model^[@R34],[@R35]^ to predict the μCB dynamics and resulting cellular exposure to hydrodynamic stresses. The Gilmore model has been used extensively to model cavitation bubbles dynamics; including those generated by pulsed laser microbeam irradiation^[@R36]-[@R38]^. This model provides quantitative predictions (see Methods) for the time-resolved bubble wall radius *R*~B~(*t*) and velocity *V*~B~(*t*) ([Fig. 2a](#F2){ref-type="fig"}). Time-resolved imaging of laser-generated μCBs has successfully verified the accuracy of Gilmore model predictions^[@R37],[@R38]^. Importantly, once the maximum bubble size and fluid medium is specified, the μCB dynamics are uniquely determined. Because the μCB is responsible for the fluid displacement, the maximum μCB radius *R*~max~ alone determines the cellular exposure to the hydrodynamic stresses. Thus by using a single pulsed laser microbeam exposure, we can generate a μTsunami that provides a tailored exposure of hydrodynamic shear stress to an adherent cell culture. Below we show that μTsunamis can induce cellular mechanosignalling within primary HUVEC cultures and demonstrate modulation of this cellular response using a known chemical inhibitor of mechanotransduction. We further demonstrate the use of this approach to perform a high-throughput screen of cellular mechanotransduction under nine different conditions in a 96-well plate.

Results {#S3}
=======

In [Fig. 2a](#F2){ref-type="fig"} we plot the time-resolved shear stress at radial locations *r*~1~=150 μm and *r*~2~=300 μm generated by a μCB with *R*~max~=108 μm, which is identical to that used in the experimental study. As would be expected intuitively, the Gilmore model predicts a reduction in the maximum fluid shear stress with increasing radial distance from the bubble centre. While the maximum stresses can be several orders of magnitude larger than physiological shear stresses in the circulatory system, they only persist over microsecond time scales. We can determine the local cellular exposure to the shear stress impulse produced by the μTsunami by integrating the local time-resolved shear stress over the entire μCB cycle. This impulse is particularly relevant, as it has been shown to provide a quantitative metric that predicts cellular necrosis and molecular delivery in regions proximal to the μCB^[@R38]^. Impulse is plotted as a function of radial distance in [Fig. 2b](#F2){ref-type="fig"}. The calculated impulse values are below those experienced physiologically by human vascular endothelial cells (0.1-10 Pa s)^[@R39]^ and can be easily tuned by varying the μCB diameter.

Experimentally, we determined that the delivery of a single 5μJ pulsed laser microbeam generated μCBs with *R*~max~ =108 μm initiates Ca^2+^ signalling of cultured primary HUVEC cultures. The signalling probability and dynamics is dependent upon cell position relative to the μCB centre ([Fig. 3a](#F3){ref-type="fig"}). For example, cells located at distances of approximately 60, 150, and 240 μm from the μCB centre show increasing delays, on the order of many seconds, in the initiation of signalling ([Fig. 3b](#F3){ref-type="fig"}). Such latency in the ER response to high shear stress has been reported in Ca^2+^-free culture conditions^[@R28]^. In fact, we found a systematic increase in signalling delay time with radial distance from the μCB centre ([Fig. 3c](#F3){ref-type="fig"}), where the speed of this Ca^2+^ wave can be estimated from the slope of a linear regression as 4.5 ± 0.3 μm/s (95% confidence interval).Interestingly, even cells immediately adjacent to the site of laser microbeam delivery have signalling delays of several seconds following the expansion and collapse of the μCB, which occurs within 20 μs. Taken together, these results are consistent with a hypothesis that the available concentration of a diffusible intracellular mediator within each cell is modulated by the magnitude of the locally applied shear stress impulse. The intracellular transport of such a mediator would result in both the observed increasing signalling delays and decreasing signalling probabilities with increasing distance from the μCB centre ([Fig. 3d](#F3){ref-type="fig"}). The low signalling probability observed for cells nearest to the μCB is likely due to cell lysis or transient membrane permeabilization as supported by our previous work^[@R22],[@R23],[@R38]^. At larger distances we observe a monotonic relationship between the decreasing shear stress impulse and Ca^2+^ signalling probability. In support of our signalling probability data, we close each experiment by dosing cells with 50 μM ATP (data not shown) to confirm that the cells remain responsive to chemical stimulation of ER Ca^2+^ release.

For our system to be useful in HTS we must demonstrate sensitivity to changes in mechanosignalling with the addition of a putative inhibitor. We postulated that μTsunami exposure, either directly or indirectly, stimulates G-protein coupled receptors at the apical surface, which in turn leads to the production of Inositol trisphosphate (IP~3~) that diffuses to the ER where it binds the IP~3~ receptor and stimulates Ca^2+^ release. We repeated our assay in the presence of 2-Aminoethoxy-diphenyl borate (2-APB) which inhibits IP~3~-induced Ca^2+^ release^[@R28],\ [@R40]^, by competitively binding the IP~3~ receptor. HUVECs were cultured to confluence and incubated with 2-APB at concentrations of 10 μM, 30 μM or 100 μM, previously shown to provide dose-dependent inhibition of Ca^2+^ release following stimulation using a bolus of ATP^[@R40]^. We found that 2-APB attenuates the spatial and temporal extent of μTsunami-induced Ca^2+^ signalling in a dose-dependent manner ([Fig. 4a](#F4){ref-type="fig"}). [Fig. 4b](#F4){ref-type="fig"} summarizes results from many trials and quantifies the attenuation of both the signalling probability and spatial extent with increasing 2-APB concentration and decreasing shear stress impulse.

To support our assertion that this approach can be used in HTS, we performed experiments in a 96-well plate to test the effects of seven different molecules, each with eight or sixteen replicates: (i, ii) 10 μM and 100 μM 2-APB; (iii) 10 μM PP2 (phosphoprotein phosphatase 2), a known Src family kinase inhibitor; (iv) 50 nM Verapamil, a voltage-dependent calcium channel blocker used to treat hypertension; (v) 10 μM cytochalasin-D, an inhibitor of actin polymerization; (vi) 20 μM nocodazole, an inhibitor of microtubule polymerization; and (vii) 20 μM blebbistatin, an inhibitor of non-muscle myosin-IIA. As controls, we measured μTsunami-induced Ca^2+^ signalling in (a) Ca^2+^-free culture media alone and in (b) Ca^2+^-free culture media plus 5% DMSO.

[Figure 5](#F5){ref-type="fig"} summarizes results of the screen by reporting the percentage of cells in each well located within a 100-150 μm annular ring surrounding the μCB centre that exhibits μTsunami-induced Ca^2+^ signalling. The median value for the percentage of activated cells in each of the nine groups is given in the figure caption. These HTS results confirm the dose-dependent inhibitory effect of 2-APB on μTsunami-induced mechanosignalling (columns 1--4). Moreover, we find that neither PP2 nor Verapamil (columns 5 and 6) affect Ca^2+^ signalling. This is expected, as 2-APB is the only molecule tested known to be specific to ER Ca^2+^ release. Moreover the positive controls, which test Ca^2+^-free media alone as well as the addition of DMSO (columns 10--12), demonstrate activation of cellular mechanotransduction. Interestingly, additions of cytochalasin-D or nocodazole (columns 7 and 8), which interfere with actin and microtubule polymerization, respectively, appear to have a mild inhibitory effect on μTsunami-induced Ca^2+^ signalling. Finally, the addition of blebbistatin (column 9) does not appear to interfere with μTsunami-induced Ca^2+^ signalling. The total time necessary to screen all 96 wells is constrained by the latency in the Ca^2+^ signalling dynamics ([Fig. 3c](#F3){ref-type="fig"}), which requires us to image each well for 35 seconds following μTsunami exposure. This results in a total screening time of 56 min, a speed that is unprecedented for the completion of 96 independent mechanotransduction measurements, each of which assayed, on average, 36 cells in the annular region examined.

To secure our claim that the observed Ca^2+^ signalling is due to mechanotransduction, we must address the possibility that either: (i) cells are stimulated by cell lysate created near the bubble centre and transported to distal cells, or (ii) cells immediately proximal to the bubble are mechanically stimulated, while the Ca^2+^ signalling of cells located more distally is dependent on cell-cell contact. The second hypothesis is particularly relevant since the speed of our calcium wave is similar to that reported for a sheet of endothelial cells where only a single cell is mechanically stimulated by a micropipette tip^[@R41]^. To reject hypothesis (i), we must confirm that exposure to cell lysate alone is not responsible for the observed Ca^2+^ dynamics. To investigate this, we dosed cells with a solution of cell lysate (see Methods) immediately following Ca^2+^ signalling in response to μTsunami exposure. In addition, we exposed cells to cell lysate alone. As positive controls, we measured the Ca^2+^ signalling response produced by ATP both following μTsunami stimulated signalling as well as without μTsunami exposure. As a negative control, we examined Ca^2+^ signalling without exposing the HUVECs to cell lysate, ATP or the μTsunami. While ATP elicited the expected Ca^2+^ signalling response, the administration of cell lysate consistently resulted in low levels Ca^2+^ signalling that was comparable to the negative controls and independent of μTsunami exposure (Supplementary Fig. 1). To directly test hypothesis (ii) we cultured HUVECs on glass-bottom Petri dishes that were patterned with fibronectin as shown in Supplementary Fig. 2a. The laser microbeam was delivered within a cell-free region that resulted in Ca^2+^ signalling in a population of cells immediately adjacent to the μCB as well as in a second distal region that was separated from the first by another cell-free zone (Supplementary Fig. 2b,c). This result demonstrates that the Ca^2+^ signals can propagate across regions free of cell-cell junctions leaving mechanotransduction as the primary mechanism of Ca^2+^ signalling in the second region. Therefore the observed cellular mechanotransduction does not rely on cell-cell contact throughout the entire cell culture.

Summary and Outlook {#S4}
===================

We have developed and validated a simple optical method that uses impulsive mechanical stimuli (μTsunamis) to discover molecules that regulate physiological signalling. Our method is capable of measuring downstream mechanosignalling in real time while maintaining sensitivity to the action of exogenous molecules. We have also demonstrated high-throughout screening of small molecules for their ability to affect cellular mechanotransduction via the combined use of pulsed laser microbeam irradiation and image cytometry. The instrumentation required for μTsunami generation can be easily integrated with commercial microscopes or imaging cytometers used in HTS via introduction of a focused low-energy laser beam into the optical path. The use of standard fluorescence microscopy to image calcium signalling provides a simple real-time readout of cellular mechanotransduction. Moreover, we envision that the use of multi-channel imaging will allow simultaneous measurement of other fluorescent molecules capable of probing mechanotransduction processes such as NO production, kinase activity (using genetically encoded FRET sensors^[@R1],[@R42]^), and membrane potential.

Our μTsunami method eschews the use of pumps, actuators, and microfluidic technologies, any of which would encumber a rapid HTS approach. The compatibility of our method with standard image cytometry also makes this approach compelling for the study of mechanotransduction in standard 2-D cell cultures as well as 3-D tissue matrices within high-density well plates. The ability to use laser microbeam irradiation to form μCBs in 3-D tissue matrices has been reported and characterized^[@R43]^. In these systems, both adjustments to μCB size and ECM composition can expose cells to a broad range of viscous and elastic stresses. The application of laser-generated μCBs and fluorescent probes in 3-D tissue matrices can enable studies of the role of mechanotransduction in processes such as tumour growth and metastasis, traumatic brain injury, stem cell differentiation, and tissue development.

Methods {#S5}
=======

Shear stress computations {#S6}
-------------------------

We use mass conservation in conjunction with the Gilmore model predictions for *R*~B~(*t*) and *V*~B~(*t*) to quantify the shear stresses. The Gilmore model assumes irrotational flow and applies mass and momentum conservation using a formulation that accounts for the effects of fluid inertia, viscosity, compressibility, and surface tension on the μCB dynamics. Specifically, we apply mass conservation to determine the time-resolved external fluid velocity *V*~∞~(*r*,*t*) at any radial position *r* from the bubble centre larger than the maximum μCB radius *R*~max~^[@R38]^. Momentum conservation is then applied, using the solution to Stokes first problem and Duhamel\'s superposition integral, to calculate the cellular exposure to time-resolved shear stress, τ(*r*,*t*)^[@R22],[@R38]^: $$\tau\left( r,t \right) = \left. \phantom{\mid}{\rho\nu\left( \frac{\partial V}{\partial z} \right)}\mid \right._{z = 0} = \rho\sqrt{\frac{\nu}{\pi}}\int_{0}^{t}\frac{\partial V_{\infty}\left( r,t^{\prime} \right)}{\partial t^{\prime}}\frac{dt^{\prime}}{\sqrt{t - t^{\prime}}},$$ where *ρ* and *ν* are fluid density and kinematic viscosity, respectively, *V*(*r*, z, *t*) represents the spatial and temporal distribution of the fluid velocity and *z*=0 represents the horizontal cell surface ([Fig. 2](#F2){ref-type="fig"}).

Laser microscope {#S7}
----------------

μCBs were created using a Q-switched pulsed microchip laser (PNG-M03012, Teem Photonics) emitting 500 ps duration pulses at λ=532nm. The laser beam was expanded and collimated and the pulse energy was controlled using a λ/2 wave plate and polarizing beam splitter. An iris was used to select a central portion of the beam that was directed into an inverted microscope (Olympus IX-81) by a dichroic (Chroma ZT532NBDC) mirror. The beam was focused by a 20x, 0.45-numerical-aperture microscope objective (Olympus IX-81). The laser microbeam is focused 10 μm above the cell monolayer by adjusting the collimation of the laser beam prior to its entrance into the rear aperture of the objective. This enables the acquisition of fluorescent images that are in focus while also delivering the laser microbeam focal volume 10 μm above the image plane.

Fluorescence microscopy was performed on the same inverted microscope using epifluorescence illumination from a mercury short-arc lamp (X-Cite 120PC, Lumen Dynamics). The filter cube containing a 480/40 excitation, 535/50 emission, and 505 LP dichroic filters (Chroma) were chosen based on the fluorescent probe specifications. The fluorescence emission was imaged by a CCD camera (Hamamatsu ORCA R2) mounted onto the left side microscope port. Image acquisition was controlled using μmanager software^[@R44]^.

Time resolved imaging of μCB dynamics was achieved using a gated ICCD camera (Stanford Computer Optics, 4Picos). Time resolved image illumination was provided by the fluorescence emission of a dye cell that was delivered at the desired time delay following the arrival of the pulsed laser microbeam to the cell culture. The dye cell was pumped by a Q-switched frequency-doubled Nd:YAG laser (Quantel Brilliant B). The dye cell emission was captured by an optical fibre and directed to the microscope condenser. A delay pulse generator (BNC 575, Berkeley Nucleonics Corp.) controlled the timing between the laser, camera gate, and dye cell emission. An oscilloscope (TDS 2024, Textronix) was used to monitor the corresponding electronic signals.

Cell culture {#S8}
============

Primary adherent human umbilical vein endothelial cells, HUVECs at passage 4 (P4) were cultured to confluence in EBM-2, supplemented with EGM-2 BulletKit (Lonza). The cells were cultured in 35mm, glass bottom culture dishes (\#1.5, WPI) coated in fibronectin (Sigma).

Intracellular calcium probe loading and monitoring {#S9}
--------------------------------------------------

HUVECs were loaded with Fluo-3/AM (Molecular Probes) a fluorescent reporter whose emission increases upon binding cytosolic Ca^2+^. The cells were incubated in Hank\'s Balanced Salt Solution with ions (HBSS+) and 6 μM Fluo-3/AM for 45-60 min at room temperature, after which the cells were allowed to incubate for 15-30 min in EGM-2.

Immediately prior to experimentation, cells were rinsed with HEPES buffered Hank\'s Balanced Salt Solution without calcium supplemented with Mg^2+^ and 2 mg/mL D-glucose (HHBSS-) and 3 mM EGTA (Sigma) to chelate any remaining traces of extracellular calcium^[@R45]^. Cellular exposure to μCBs and imaging was performed at room temperature.

Ca^2+^ signalling agonist and inhibition {#S10}
----------------------------------------

We administered ATP (50 μM, Sigma) to HUVEC cultures following μTsunami-induced Ca^2+^ signalling to confirm cellular responsivity to chemical stimulation of ER Ca^2+^ release. For the IP~3~ inhibition experiments, we administered 10, 30, or 100 μM 2-Aminoethoxydiphenyl borate, (2-APB, Sigma) in 5% DMSO.

Cellular substrate patterning {#S11}
-----------------------------

Fibronectin was patterned in a pinwheel configuration on glass using a soft lithography protocol developed for ECM patterning^[@R46],[@R47]^.

Multi well plate preparation {#S12}
----------------------------

Glass-bottom 96 well plates (\#1.5, Invitro-Scientific) were coated with fibronectin and HUVECs plated in each well. Molecules added to wells were: 10 and 100 μM 2-APB, 10 μM PP2 (Sigma), 50 nM Verapamil (Sigma), 10μM cytochalasin D, 20 μM nocodazole, 20 μM blebbistatin, and 5% DMSO. 5% DMSO represents the highest concentration used as a solvent across all molecules tested.

Cell lysate preparation {#S13}
-----------------------

HUVECs were grown to confluency in a T25 tissue culture flask, trypsinized and resuspended in standard HBSS- at a concentration of 1.5 × 10^7^ cells/mL. Cell lysate was prepared by subjecting the cell solution to repeated freeze-thaw cycles at −80°C followed by sonication on ice for 30 s.
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![Pulsed Laser Microbeam exposes adherent cells to a transient μCB\
A pulsed laser microbeam is integrated within an inverted fluorescence microscope and focused to a location \~10μm above cultured cells. Pulse energy is controlled using a half wave plate followed by a linear polarizer to control the pulse energy. Imaging is performed using a CCD camera.](nihms-607993-f0001){#F1}

![Radial dependence of μTsunami generated hydrodynamic shear stress impulse\
(**a**) Schematic of a cross sectional view at time *t* through the centre of a μCB with wall radius, *R*~B~(*t*), and velocity *V*~B~(*t*). The surrounding fluid moves with velocity *V*~∞~(*r*,*t*) in response to the μCB expansion and collapse. The image panel shows a time-resolved series of a single μCB (scale bar, 50μm), that reaches a maximum radius of *R*~max~=108 μm in 9μs. This μCB was generated by a single 500ps laser pulse with 5 μJ pulse energy. The resulting fluid flow results in local transient shear stresses that decrease in amplitude with larger radial position. (**b**) Computed shear stress impulse for μCBs with *R*~max~ = 108μm.](nihms-607993-f0002){#F2}

![Calcium signalling following μTsunami exposure\
(**a**) Fluorescence image time series of cytoplasmic calcium signalling in a confluent monolayer of HUVECs resulting from μTsunami exposure generated by a single 108μm diameter μCB. The green circle denotes the location of pulsed laser microbeam delivery immediately following the 0 sec time point. Subsequent images are displayed following background subtraction of the 0 sec image. Scale bar, 50μm. (**b**) Intracellular calcium-mediated fluorescence dynamics for three cells located at radial positions *r* = 56, 147, and 237μm from the μCB centre. Fluorescence intensities are normalized relative to the baseline intensity *F*~0~. (**c**) Calcium signalling delay time versus radial distance from the μCB centre for 447 cells that signal out of 765 cells monitored in five separate experiments. (**d**) Ca^2+^ signalling probability and shear stress impulse versus radial distance from the μCB centre.](nihms-607993-f0003){#F3}

![Dose dependent effect of IP~3~ inhibitor on μTsumani-induced calcium signalling\
(**a**) Fluorescence images (Fluo-3/AM) of μCB generated calcium signalling following incubation in 10, 30 or 100 μM 2-APB. To depict the propagation dynamics of the calcium signalling we mapped time to color as (red: *t* = 6s, green: *t*=15s, blue: *t*=24s). Scale bar, 50 μm. (**b**) Calcium signalling probability decreases with increasing 2-APB concentration.](nihms-607993-f0004){#F4}

![Use of μTsunamis for HTS\
Results of a 96 well plate screen for μTsunami-induced Ca^2+^ signalling in HUVECs in the presence of exogenous molecules. Each of the 12 columns has 8 replicates. The contents of the twelve columns are as follows: 1,2: 100 μM 2-APB, 3,4: 10 μM 2-APB, 5: 10 μM PP2, 6: 50 nm Verapamil, 7: 10 μM Cytochalasin-D, 8: 20 μM Nocodazole, 9: 20 μM Blebbistatin, 10,11: Control, 12: 5% DMSO. Cells within an annulus spanning 100-150μm from the centre of μCB were used to determine the results of calcium signalling in each well. The colour of each well corresponds to the percentage of these cells that signalled. The median percentage of cells that display Ca^2+^ signalling in each of the columns (1-12) = \[3, 6, 94, 93, 91, 96, 75, 84, 99, 92, 98, 91\]%.](nihms-607993-f0005){#F5}
